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Bark is themost popular product harvested for traditional medicine in South Africa. Harvesting is sometimes selective for particular stem size-classes
and the effect of bark removal and the sustainability of harvesting practices are species-specific. However, baseline autecological data that would assist
conservation and trade monitoring efforts are not easily measured and rarely available. In an effort to link bark thicknesses recorded during three
ethnobotanical surveys in the traditional medicine markets of Johannesburg, the relationship between bark thickness and stem diameter at breast height
(dbh) was investigated for six species used medicinally in South Africa. Samples of bark were removed from 207 stems and subsequently weighed and
measured. Thereafter, the samples were placed in a phytotron chamber to dry out over a period of 12 weeks. The change in bark thickness over time was
regressed with stem diameter in order to predict stem diameter from bark thickness records. The strength of the relationship between bark thickness and
diameter was strongly influenced by the macroscopic bark morphology of the species. Species where the rhytidome tended to stay on the stem exhibited
similar stronger r2 values (r2=0.80–0.88) compared to the lower values for species that shed their bark (r2=0.005). UsingWarburgia salutaris as an
example, the prevalence of bark of certain thicknesses in the medicinal markets was used to evaluate the change in tree size-classes over a 6-year period.
Results showed that whereas trees larger than 40 cm dbh were available in 1995, in 2001 bark from trees less than 25 cm dbh were more prevalent.
© 2007 SAAB. Published by Elsevier B.V. All rights reserved.Keywords: Bark thickness; DBH; Medicinal plants; Resource use; Rhytidome1. Introduction
A consequence of early African traditional utilisation prac-
tices based on culture and constraints was the conservation of
plant resources and the low levels of exploitation of commonly
used resources such as traditional medicines (Cunningham,
1988; Netshiluvhi, 1996). However, increasing pressures on the
agricultural and rural land base have resulted in plant resources
providing one of the main sources of non-farm income to
millions of people in rural households (Arnold, 1996; Shackle-
ton et al., 2001; Dovie et al., 2002). The reliance of these
households on natural resources appears to be increasing rather
than decreasing (Shackleton et al., 2001) and, coupled with the
breakdown of customary conservation controls brought about by
the commercialisation of the traditional medicine trade, un-
precedented levels of resource exploitation and depredation are
being reached. As the demand for traditional medicines con-⁎ Corresponding author.
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doi:10.1016/j.sajb.2007.04.001tinues to grow, an estimated 35,000 to 70,000 tonnes of plant
material is traded annually in South Africa (Mander and Le
Breton, 2006), most of which is derived from woodland and
forest habitats (at least 68% of the mass sold) (Williams, 2004).
In South Africa, bark is the most popular medicinal product
harvested from trees and accounts for at least 31% of the plants
harvested and traded annually in KwaZulu–Natal (Mander, 1998;
Grace et al., 2002) (Fig. 1). In the Witwatersrand markets for
traditional medicine, centred in Johannesburg, approximately 205
(33%) of the species estimated to be sold are trees (Williams,
2007). Sixty-eight percent of these species are harvested for
medicinal bark, of which 51% are exclusively harvested for bark
and not for other products such as roots, fruits and leaves.
Bark harvesting is often selective for particular stem size-
classes or bark quality (Cunningham, 2001). In southern Africa
and Uganda, for example, herbalists prefer to harvest thick bark
from more mature trees as it is considered more potent and
effective (Kamatenesi, 1997; Cunningham, 2001). The effect of
bark removal on trees, wound re-growth and the sustainability
of harvesting practices is species-specific and depends onts reserved.
Fig. 1. A group of Elaeodendron transvaalense (formerly known as Cassine
transvaalensis) stripped for bark in the Ngwavuma region of KwaZulu–Natal in
1998. The tree in the foreground was recently ring-barked, while the 6 trees
behind it had been previously stripped and were dead. Two of the trees had been
felled. Near this tree clump were at least 8 other mature individuals that had been
ring-barked, sometimes to a height of 2.5 m. A 2 m height pole is to the right of
the tree.
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(Geldenhuys, 2003; Twine, 2004), the direction of the wound
in relation to the sun (Williams, 2007), the intensity of bark
removal (harvesting frequency and bark quantity) and plant
physiology (Cunningham, 2001). The sustainability of harvest-
ing bark is also assessed according to knowledge of tree
distribution, abundance, population structure (e.g. age/size dis-
tribution) (Hall and Bawa, 1993) and factors such as tree growth
and bark recovery rates (Geldenhuys, 2004a). This knowledge
informs the status of a population in question, and insight
into how this status might change over time. Baseline autecol-
ogical data, however, are rarely available and are not easily
measured.
Data from three surveys of medicinal plants traded in and
around Johannesburg, South Africa, between 1994 and 2001
revealed a change in bark thickness size-classes sold by street
sellers in the Faraday market and herbal chemists or ‘muti’
shops (Williams, 2007). The size of plant parts traded is a useful
indicator of species availability (Botha et al., 2001) and bark
generally gets thicker as the tree grows. It is important to link
records collected in ethnobotanical surveys of local markets to
field measurements (Cunningham, 2001), and a question thatarises is: how does one translate bark thickness records from
local markets to tree size, population structure and the size-class
of trees available to the bark harvesters in the wild, as well as the
sustainability of harvesting practices?
In the absence of practical techniques to determine the age of
trees, size can be used as a surrogate (Van Wyk et al., 1996).
Tree stems generally increase in girth as the plants get older, and
diameters are therefore the most appropriate measure for
grouping plants into size classes (Cunningham, 2001). Mea-
suring the relationship between bark thickness and aspects of
the tree stem profile (e.g. diameter at breast height, dbh) enables
tree size to be correlated with bark thickness for individual
plants, and in addition ascertain potential bark yields for dif-
ferent tree size-classes (Cunningham, 2001).
Literature on the relationship between bark thickness and
stem girth are limited for African species. In South Africa, Van
Laar andGeldenhuys (1975) derived six regression equations for
the relationship between double bark thickness and branch-free
stem length for groups of species in forests of the southern Cape
(nowWestern Cape Province) (double bark thickness equals the
over-bark diameter minus the under-bark diameter of the stem at
a certain point). Geldenhuys also undertook research on trees in
the Southern Cape Afrotemperate Forests and derived equations
for bark thickness and dbh for about 20 species (unpublished
research, CJ Geldenhuys pers. comm.). Botha (2001) correlated
bark thickness with basal diameter for Warburgia salutaris
(Bertol.f.) Chiov., Catha edulis (Vahl.) Forsk. ex Enfl., Rapanea
melanophloeos (L.) Mez and Acacia xanthophloea Benth. And,
Wilson and Witkowski (2003) examined the relationship
between trunk circumference and bark thickness for the savana
tree Burkea africana Hook. in the Nylsvley Nature Reserve in
the Limpopo Province, South Africa. In Uganda, Kamatenesi
(1997) correlated bark thickness and dbh for three species of
Rytigynia, important medicinal plants harvested for bark.
Cunningham et al. (2002) derived a quadratic regression for
the relationship between dbh and mean bark thickness for Pru-
nus africana (Hook.f.) Kalkm. trees in Cameroon, the most
exploited of any African medicinal plant in international trade.
Bark thickness can vary considerably with changes in stem
diameter. In a study on Pinus kesiya Royle ex Gordon in
Tanzania, bark thickness was shown to attain its highest value
closest to the ground and decrease with increasing height up the
stem (Eerikäinen, 2001). The tapering of a stem therefore has an
effect on bark development, although Kamatenesi (1997) did
not find these differences to be significant in Rytigynia spp. De
Jong and Bonnor (1995) assumed that the bole of the Pacific
Yew (Taxus brevifolia Nutt.) was conical, and derived an
equation for bark thickness that decreased linearly with
increasing height up the stem, depending on the dbh.
This paper quantifies the relationship between bark thickness
and dbh for six tree species used medicinally in South Africa.
The purpose of this investigation is: (1) to develop practical
methods that estimate, from bark thicknesses recorded in
medicinal plant markets, the dbh of the trees harvested for bark.
This enables assessments of the tree sizes that are targeted by
harvesters to be made; (2) to examine the weekly decrease in the
thickness of bark samples until they are oven dried after
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classes over a 6-year period from bark thickness records
acquired during three ethnobotanical surveys in Johannesburg
between 1994 and 2001, using W. salutaris as an example. The
relationships between bark thickness and tree girth are
discussed in conjunction with macroscopic bark anatomy to
better describe and understand the results.
2. Bark anatomy, morphology and re-growth
The term ‘bark’ is used in a non-technical context to describe
all tissue external to the vascular cambium regardless of its
specific structure (Borger, 1973; Trockenbrodt, 1990; Junikka,
1994). In this sense, therefore, the bark is an aggregation of
secondary phloem, cortex and periderm. Periderm is secondar-
ily developed protective bark tissue replacing the epidermis and
consists of: the phellogen, the lateral meristematic tissue that
produces the periderm; the phellem, the dead chiefly suberized
or lignified protective tissues formed outwardly by the
phellogen; and the phelloderm, a living parenchyma formed
inwardly from the phellogen (Trockenbrodt, 1990; Biggs, 1992;
Junikka, 1994). In some species, the same phellogen is active
each year and a thick layer consisting solely of phellem is
formed. In most species, however, ‘sequent periderms’ develop
at successively greater depths (Trockenbrodt, 1990; Biggs,
1992), i.e. a new phellogen arises annually in the cortex, and
the bark thus consists of alternating and accumulated layers
of phellem and dead cortex tissue (Blackmore, 1984).
This aggregate of layers of dead tissues is referred to as
‘rhytidome’ — a term often considered synonymous with
‘outer bark’ (Borger, 1973). However, the term ‘outer bark’
should be applied to all dead tissues exterior to the innermost
phellogen, and includes species without a rhytidome (i.e. species
that maintain the same phellogen, such as smooth-barked species)
(Borger, 1973; Biggs, 1992). The outer bark is cut off by the
periderm from the still living secondary phloem and includes the
dead tissue of the last formed periderm (Junikka, 1994). ‘Inner
bark’ refers to the living organs of the bark that includes the
phloem and the living tissue up to the last formed periderm,
namely phellogen and phelloderm. The inner bark is therefore the
principal assimilate conducting tissue usually located outward of
the xylem and inward of the periderm (Junikka, 1994).
As a tree grows in diameter, the bark tissues are stretched and
eventually crack when the periderm is unable to contain the
increased girth (Penfold and Willis, 1961). In older trees, a new
phellogen is then originated in the phloem (in younger trees the
origin is in the cortex) and the tissues outside this new layer die
and dry out. As a tree grows in circumference and the thickness
of the bark increases, the outer layers of bark may either become
fissured (e.g. Albizia adianthifolia (Schumach.) W.F.Wight) or
be shed (e.g. A. xanthophloea). Bark thickness generally
increases with stem age and diameter (Borger, 1973). In some
species, a straight-line relationship exists between bark thick-
ness and stem diameter — this relationship probably results
from the resistance of the bark to weathering and to the per-
sistent nature of the rhytidome (Borger, 1973). In other species,
however, the relationship is weak or curvilinear, owing toshedding of the bark tissue (Borger, 1973) to a greater (e.g.
sheets of bark) or lesser (e.g. flakes) extent. For many species,
the diagnostic characters of the rhytidome that determine bark
patterns and types are only evident in older trees. This is
because rhytidome is influenced by weathering processes, tan-
gential strains, the growth pattern of the periderm, the ar-
rangement of the phellem, and the amount of tissue cut off by
the periderm from the inner bark (Junikka, 1994). The thickness
of the rhytidome may also be genetically controlled, and vary
with tree growth, age and exposure.
From the literature available on the development and shedding
of characteristic bark types (e.g. Borger, 1973; Junikka, 1994),W.
salutaris and A. adianthifolia appear to resemble fissured barks,
characterised by blocks of bark in older trees that do not separate
and shed owing to an inter-locking system of fibres (Borger, 1973)
and bark that is cracked lengthwise into fissures separated by
ridges (Junikka, 1994). As a result, the rhytidomemay accumulate
to great depths in older trees and hence show a strong linear
relationship (as results later show, e.g. Fig. 5) between bark
thickness and stem diameter. The bark of Balanites maughamii
Sprague andRhus chirindensisBaker f. resembles tessellated bark
because the surface is marked by more or less regular square or
oblong plates or blocks remaining on the stem for a long time
(Junikka, 1994). The rhytidome is short-fibred, breaks up into
small plates, and the blocks are usually retained on the trunk
(Junikka, 1994). The linear relationship between bark thickness
and stem diameter in these species was shown to be intermediate
in strength. Elaeodendron transvaalense (Burtt Davy) R.H.
Archer (formerly Cassine transvaalensis) resembles patchy bark
because of the lighter blotches on the outer surface of the
rhytidome resulting from the irregular dehiscence of old
rhytidome plates. As a result, the relationship between bark
thickness and stem diameter would not be expected to be very
strongly linearly correlated because some of the rhytidome flakes
persist and others do not. The bark of A. xanthophloea resembles
smooth and powdery bark, and the attrition of tissue is usually
commensurate with the rate of formation of phellem cells (Borger,
1973). The term ‘xanthophloea’ implies the presence of the
photosynthetic yellow–green accessory pigment ‘xanthophyll’ in
the secondary phloem of the inner bark. The outer phellem cells
are sloughed off in small clusters, giving the bark a powdery
appearance. In addition, tangential stresses in A. xanthophloea
induce the tearing of the outer phellem and the loss of the outer
bark as large stripswhen the diameter of the tree becomes too large
for its bark (O. Grace pers. comm.). This therefore results in a
weak linear correlation between bark thickness and stem diameter.
3. Study sites and species
Between March and May 1998, various aspects of the tree
stem profile weremeasured and 1026 bark samples removed from
207 individual stems of six species at fifteen woodland sites in
three South African provinces. Seven of the sites were on
privately owned land, four were in protected areas, three on then
state-owned forestry land and one on communal land (Table 1).
The six tree species investigated were previously selected to
represent various risk categories for over-exploitation by the
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for R. chirindensis, have been short-listed in other studies as
being over-exploited or more in demand than other species for
their bark (e.g. Mander, 1998; Netshiluvhi, 1999; Grace, 2002).
W. salutaris is the most threatened of the six species.
Endangered and protected in KwaZulu–Natal, it is nationally
endangered and has a high risk of extinction in the near future
(J. Victor, SANBI, pers. comm.). E. transvaalense is currently
the most prevalent bark species in the Johannesburg markets
(Williams, 2003). The species is high in demand, vulnerable
to bark harvesting and declining in numbers (Cunningham,
1988; Netshiluvhi, 1999; Grace et al., 2002; Twine, 2004).
A. adianthifolia is widely used and there is evidence of de-
clining availability and increased scarcity (Grace, 2002). The
yellow bark of the fever tree, A. xanthophloea, is frequently
demanded by customers in the Johannesburg and KwaZulu–
Natal markets (Mander, 1998; Grace, 2002; Williams, 2003)
but the species is not currently threatened by harvesting al-Table 1
Description of the sample sites and the number of individuals sampled per
species at each site
Province Site
code
Area in
province
Ownership and
management
regime
Species
sampled (No.)
Limpopo L1 Western
Soutpansberg
Private game
farm
R. chirindensis (11)
W. salutaris (27)
L2 Western
Soutpansberg
Private farm B. maughamii (17)
E. transvaalense (1)
R. chirindensis (9)
L3 Western
Soutpansberg
Private farm E. transvaalense (5)
L4 Western
Soutpansberg
Private farm B. maughamii (13)
L5 Nylstroom Protected area E. transvaalense (13)
L6 Eastern
Soutpansberg
Forestry A. adianthifolia (29)
L7 Eastern
Soutpansberg
Forestry A. adianthifolia (13)
L8 Eastern
Soutpansberg
Forestry R. chirindensis (4)
Mpumalanga M1 Nelspruit Protected area A. xanthophloea (1)
B. maughamii (2)
M2 South of
Malalane
Private farm R. chirindensis (5)
M3 South of
Malalane
Private mine R. chirindensis (5)
KwaZulu–
Natal
K1 Maputaland Protected area A. xanthophloea (12)
K2 Maputaland Communal land A. xanthophloea (1)
B. maughamii (3)
E. transvaalense (6)
K3 Zululand Protected area A. xanthophloea (1)
A. adianthifolia (4)
B. maughamii (1)
K4 Zululand Private company
protected area
A. xanthophloea (19)
A. adianthifolia (1)
B. maughamii (3)
E. transvaalense (6)
The species are: Acacia xanthophloea Benth.; Albizia adianthifolia (Schumach.)
W.F.Wight; Balanites maughamii Sprague; Elaeodendron transvaalense (Burtt
Davy) R.H. Archer [formerly Cassine transvaalensis (Burtt Davy) Codd]; Rhus
chirindensis Baker f.; Warburgia salutaris (Bertol.f.) Chiov.though some scarcities have been reported (Grace, 2002).
The bark of B. maughamii is sought after and classed as
declining in KwaZulu–Natal (Cunningham, 1988; Twine,
2004). R. chirindensis is not a highly sought after species, but
in South Africa it shares a common Zulu name (inyazangoma–
elimnyama) with the globally threatened species P. africana.
The two species could potentially be confused during mar-
ket surveys and assessments if the bark is not positively
identified. Geldenhuys (2003, 2004b), however, reported
R. chirindensis to be one of the important tree species har-
vested intensely for bark in the Umzimkulu Forests of the
Eastern Cape.
4. Field methods and data analysis
At each sample site, trees were selected from various size-
classes based on the stem diameter at breast height (dbh, 1.3 m
above the ground). None of the individuals sampled had suffered
any prior harvesting damage and the bark on the bole was intact.
Stem diameter-classes for A. xanthophloea, A. adianthifolia,
B. maughamii and E. transvaalense were in increments of
10 cm, starting at 10 cm and ending at 50 cm, 60 cm, 60 cm and
50 cm for each species respectively. Diameter-classes for R.
chirindensis and W. salutaris were in increments of 5 cm,
starting at 5 cm and ending at 35 cm and 30 cm respectively due
to the prevalence of individuals in these size ranges. Individuals
larger than 25 cm were infrequently encountered in 1998 for
these two species (except for a very largeW. salutaris specimen
with a dbhN65 cm that was sampled), although a revisit to two of
the sites in 2004 located populations with many individuals in
the 30–39 cm size-class that had not previously been located. A
minimum of 5 and a maximum of 10 trees per diameter-class
were sampled in total (but not per site), although specimens in
the ≥40 cm size-classes were sometimes more difficult to find
and between 2 and 4 trees were often sampled in this class
(except for A. adianthifolia, where trees larger than 60 cm dbh
could have been sampled). B. maughamii individuals larger than
60 cm dbh were found in the communal land; these were not
sampled, however, as commercial bark harvesters had previ-
ously damaged them. The method for harvesting B. maughamii
bark is different to other species: the tree has a fluted trunk
and in many cases a whole flute with the timber and bark is
chopped off, clearly reducing the dbh of the tree (Williams,
2007). R. chirindensis and W. salutaris were well sampled up
to the 25 cm and 20 cm diameter-classes respectively; there-
after, larger trees were not very prevalent in the populations
visited.
Once a tree at a site was selected, the following information
was recorded: (1) characteristics of the site and habitat; (2) a sketch
of the tree indicating important and potentially relevant features
(e.g. bole shape, multiple stems and branching); (3) the diameter
of the stem at five height intervals [termed D0.5; D1.0; D1.3 (dbh);
D1.5 and D2.0 to represent the respective diameters of the stem at
0.5 m, 1.0 m, 1.3 m, 1.5 m and 2.0 m]; (4) the approximate height
of the tree; and (5) the approximate branch-free bole length. Stem
diameterwasmeasured using a forestry ‘diameter tape’ that allows
diameter to be read directly from a circumference measurement.
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height pole marked in 0.5 m intervals.
Using a hole-saw attached to a brace, 50 mm diameter
circular bark samples were cut and removed at D0.5, D1.0, D1.3
and D1.5 (Fig. 2). The D2.0 level was too high to be reached with
the hole-saw and so a 10 mm-diameter sample was removed
with a belt punch and hammer. The 50 mm circular bark
samples had a 5 mm hole in the centre and were threaded on to a
labelled cable-tie (species, specimen number, date sampled).
Bark thickness was measured on site using a digital Vernier
calliper (accuracy: 0.01 mm), and the wet mass was determined
with a portable digital balance. Samples were taken to the
laboratory at the University of the Witwatersrand approximately
4 days after harvesting and re-measured, this time using anFig. 2. Field methods for sampling the trees. (a) Bark samples are removed from A
diameter is measured using a forestry ‘diameter tape’, (c) 50 mm circular samples are
labelled cable-tie in the order that they were removed from D0.5, D1.0, D1.3 and D1.5electronic balance accurate to 0.0001 g. The samples were then
placed in a phytotron chamber for 11 weeks to dry out. The
chamber was set at a temperature and relative humidity (RH)
that mimics mean day and night summer conditions in
September–March in Johannesburg (and the conditions in
Johannesburg that bark would be exposed to in the open-air
medicinal plant markets), namely: day T=20 °C; night
T=16 °C; day RH=59%; night RH=66%; length of day=12 h.
The bark thickness and mass of the samples in the chamber
were re-measured every 7 days to monitor any changes in
thickness or mass. After 11 weeks in the chamber (12 weeks
after harvesting), the samples were oven dried at 80 °C for four
days to determine the oven-dry bark thickness and mass. A
total of 14 time intervals were therefore recorded and arecacia xanthophloea at 0.5 m intervals up to 2 m and including 1.3 m, (b) The
removed from the tree using a hole-saw and brace and then (d) threaded on to a
.
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ments the day the bark was removed from the tree; W1=first
of the laboratory measurements approximately 4 days after the
bark was harvested and just before being placed in the cham-
ber; W2=first measurement after one week in the chamber and
two weeks after harvesting; W3=second measurement af-
ter two weeks in the chamber and three weeks after sam-
pling; W4 to W11= third to tenth measurements after being
placed in the chamber and 4 to 12 weeks after sampling;
W12= last measurement after 11 weeks in the drying chamber
and 12 weeks after harvesting; W13= final measurements after
oven drying.Fig. 3. Development of bark thickness up the tree stem. The smallest bark thicknesses
individuals sampled. Measurements were taken up the stem to 2 m and include 1.3Regressions between D0.5, D1.0, D1.3, D1.5, D2.0 and the bark
thickness of the samples were calculated for the six species at the
14 time intervals using STATISTICA 6 and Excel 2000. In this
paper, however, only the results of the D1.3 (dbh) and bark
thickness regressions are presented. Outliers greater than 2
standard deviations were removed from the calculations only if
the same outliers appeared in the first (W0) and last (W13)
regressions.Hence, each regression equation is calculated using the
same set of data. Between one and four outliers were removed per
species. In a subsequent paper by the authors, regressions between
stem diameter (D0.5,D1.0,D1.3,D1.5,D2.0) and bark mass, area and
volume will be described. The regression equations for predictingare for the smallest individuals sampled and the largest thicknesses for the largest
m.
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AppendixA that predict dbh frombark thickness, depending on the
number of weeks after bark harvesting has occurred. However, an
assumption one has to make when using the prediction tables in
this paper, is that the bark has been harvested at dbh.
5. Results
5.1. Bark thickness, tapering and height up the stem
Bark thickness varies on different parts of the stem. Thicker
bark is commonly found near the base of the stem and decreasesFig. 4. Tapering of the tree trunk with increasing height up the stem. The smallest ste
diameters for the biggest trees sampled.in thickness with increasing height up the stem (Fig. 3a–f). For
species that do not shed their rhytidome, e.g. A. adianthifolia, B.
maughamii and W. salutaris, the differences between bark
thickness at 0.5 m and 2.0 m are more pronounced. Bark
thicknesses for the smooth barked species A. xanthophloea,
which periodically sheds its bark in large strips, are variable
between the base of the stem and 2.0 m with no clear decrease
with stem height. Not only is bark thickness affected by the
height up the stem, but also by the age of the individuals
(assuming age is related to size). The generally larger and older
trees exhibit a more pronounced decrease in bark thickness
between 0.5 m and 2.0 m than do the smaller individuals. Them diameters at a given height are for the smallest trees sampled and the biggest
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except A. xanthophloea, there is a general decrease in stem
diameter with increased height up the stem. This tapering isFig. 5. Relationship between fresh bark thickness and diameter at breast height at time
salutaris individual of dbh≈68cm was found; however branching occurred around t
tree at D0.5 and D1.0, but the results are not presented in this paper. (See text for deespecially prominent between 0.5 m and 1.0 m. Because this
paper addresses only bark thickness in relation to dbh (the most
commonly used comparative tree measurement in quantitativeW0— the day the bark samples were removed from the tree trunk. Note: oneW.
his level and so no measurements were taken at D1.3. Girth was recorded for this
finition of codes).
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Cunningham, 2001), Figs. 3 and 4 also illustrate where the
results at 1.3 m lie in relation to the remainder of the stem up
to 2 m.Fig. 6. Relationships between bark thickness and diameter at breast height between tim
the bark samples). Graphs show the decrease in bark thickness over 12 weeks and
regression equations, r2 values and probability level of each regression line are liste5.2. Regression of bark thickness and dbh at Week 0
The relationship between dbh (D1.3) and bark thickness
measured on the day of sampling (time=W0) ranged from aeW0 (day of bark sampling) andW13 (measurements taken after oven drying of
the final oven-dried relationship between bark thickness and dbh (W13). The
d in Appendix Aa–f. W0 regression lines are the same as those in Fig. 5 (e–f).
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(r2 =0.88, Pb0.00001) (Fig. 5f) to a weaker linear relationship
for E. transvaalense (r2 =0.50, P=0.00002) (Fig. 5d). The
linear regression for A. xanthophloea indicated no relationship
between bark thickness and dbh (r2 =0.005, P=0.91) (Fig. 5a);
hence, bark thickness cannot be predicted from the diameter of
the tree stems for this species.
The strength of the linear relationships between bark thickness
and dbh for the six species corresponds with the development and
shedding of characteristic bark types. The fissured and non-
shedding barks of A. adianthifolia andW. salutaris show a strong
linear relationship between bark thickness and dbh (r2=0.80 and
0.88 respectively). B. maughamii and R. chirindensis have
tessellated bark, and the relationship is not as strong (r2=0.61 and
0.68 respectively). Species that shed bark do not have strong
linear relationships between bark thickness and dbh. The irregular
dehiscence of the rhytidome plates (patchy bark) on the stems of
E. transvaalense results in a weak linear relationship of r2=0.50.
Bark on A. xanthophloea peels off in large strips resulting in no
relationship with dbh (r2=0.005).
5.3. Changes in bark thickness over 12 weeks relative to dbh
Linear regression models were fitted to estimate bark thick-
ness from diameter measurements at breast height. Additionally,
the models were fitted to estimate the thickness of bark between
one and twelve weeks after having been removed from the tree
at D1.3, as well as the final oven-dried thickness at W13. The
relationships are depicted in Fig. 6 (a–f) and the equations given
in Appendix A. The change in bark thickness can be estimated
with high accuracy at dbh for A. adianthifolia, B. maughamii,
R. chirindensis and W. salutaris (Pb0.00001) (Appendix
A). However, there is a less significant positive relationship
for E. transvaalense (Appendix A). No relationship between
dbh and bark thickness exists for A. xanthophloea for theTable 2
Weekly percentage decrease (mean and standard deviation) in the thickness of the
thickness
Time difference A. xanthophloea A. adianthifolia B. mau
W0 to W1 a 7.8±4.5% 6.9±5.5% 6.6±3.
W1 to W2b 33.9±8.3% 20.4±8.2% 7.1±5.
W2 to W3 3.8±4.9% 8.6±5.9% 4.0±3.
W3 to W4 4.6±5.5% 9.4±6.8% 2.2±2.
W4 to W5 3.7±5.1% 6.8±6.9% 0.8±1.
W5 to W6 0.9±1.7% 5.7±5.5% 1.4±1.
W6 to W7 0.4±1.4% 2.3±3.7% 0.1±0.
W7 to W8 0 0 0
W8 to W9 0 0 0
W9 to W10 0 0 0
W10 to W11 0 0 0
W11 to W12 2.1±3.4% 2.0±2.7% 1.2±1.
W12 to W13 c 3.8±1.6% 5.7±3.6% 3.7±1.
W0 to W12 48.5±4.3% 49.3±11.2% 21.1±8
W0 to W13 50.5±4.2% 52.3±10.5% 24.0±8
Note: a zero percent change in bark thickness indicates that the digital Vernier callip
a Represents the mean decrease in bark thickness approximately 4–5 days after h
b Represents the mean decrease in bark thickness after one week in an environm
c Represents the mean decrease in bark thickness between twelve weeks after hachange in thickness over time as the bark dries out (P=0.91 and
0.52 for W0 and W13 respectively) (Appendix A), and hence
bark thickness cannot be predicted from dbh.
The percentage weekly decrease in bark thickness as the bark
dries out varies between species (Table 2, Fig. 6). On average, the
bark decreased in thickness by 48% after twelveweeks and was at
50% of its original thickness after oven drying.B. maughamii and
E. transvaalense, however, only experienced decreases of 24%
and 30% respectively after oven drying, indicating that the bark is
denser and/or retains less water in the inner bark than the other
species. For most species, the largest decrease in bark thickness
occurred between weeks 1 and 2 (Table 2, Fig. 6), especially for
A. xanthophloea, which decreased by 33.9%.
Fig. 6 shows the estimated thickness of bark removed, for
example from a tree of 30 cm dbh, and the rate of decrease in
thickness of that bark as it dries out over twelve weeks.
Additionally, if the thickness and the age of bark are known,
then the dbh of the tree from which it was originally harvested
can be estimated. Any bark older than 12 weeks is presumed to
be characterised by the final, W13 oven-dried linear regression
model, which in most cases is not very different from W12.
5.4. Predicting dbh and bark thickness
Tables for predicting the dbh of a tree given the bark thickness
and time after harvesting (Appendix Ba–e), as well as tables for
predicting the thickness of bark on a tree given the dbh (Williams
et al., 2005) were constructed from the regressions. The purpose
of the prediction tables is to assess the stem diameter-class of trees
(from the dbh) preferentially harvested and/or available in the
wild— directly from the thickness of the bark sold in medicinal
plant markets. By taking into account the rate at which the bark
desiccates, the actual dbh's of the trees targeted by harvesters are
less likely to be underestimated and hence assessments of
resource use and change in availability are more reliable.bark samples, as well as the overall difference between wet and oven-dry bark
ghamii E. transvaalense R. chirindensis W. salutaris
9% 8.1±6.7% 17.9±14.1% 16.0±8.0%
8% 10.5±5.0% 19.5±16.1% 15.0±5.4%
6% 4.7±3.3% 10.3±7.7% 11.3±6.2%
9% 3.1±2.9% 4.5±3.9% 5.9±3.7%
5% 2.9±3.8% 2.8±3.9% 5.1±4.6%
8% 0 1.2±4.5% 3.3±3.9%
3% 0 0.5±1.5% 1.5±3.5%
0 0.1±0.3% 0.1±0.3%
0 0 0
0 0 0
0 0 0
6% 1.4±1.4% 2.1±1.8% 1.7±2.2%
9% 3.8±3.4% 5.2±2.4% 3.6±1.9%
.2% 27.6±8.6% 48.0±10.2% 47.4±7.3%
.3% 30.4±8.5% 50.7±9.7% 49.3±7.6%
ers could not detect a decrease smaller than 0.01 mm.
arvesting, before being placed in an environment-regulated chamber.
ent-regulated chamber.
rvesting and final oven-drying measurement at W13.
Fig. 7. The availability ofW. salutaris bark size-classes sold between 1995 and 2001 in themuti shops and Faraday market, and the prediction of the tree size-class dbh
from which the bark was harvested (in the table below the figure).
459V.L. Williams et al. / South African Journal of Botany 73 (2007) 449–465Using the table in Appendix Be and the results of the three
surveys between 1995 and 2001 that measured the thickness of
bark sold by vendors of traditional medicine, the change in
availability ofW. salutaris bark from corresponding size-classes
of trees was explored (Fig. 7). W. salutaris is cited as an
example due to its rarity in South Africa and its highly sought
after bark. Results showed there to be a decline over 6 years in
the availability of thickerW. salutaris bark in the markets, and a
corresponding decrease in the dbh of the trees in the wild from
which the bark was harvested. The smaller trees harvested for
bark are indicative of the decline in availability of large trees in
South Africa. The most prevalent bark thickness size-class is 3–
5 mm, which Appendix Be predicts is harvested from trees ofTable 3
Predictions and prevalence ofW. salutaris diameter and breast height size-classes, wh
Number of weeks in the market a and the predicted dbh size
Bark size-classes 1 week 2 weeks 3 weeks 4 weeks
Muti shops 1995
3–5 mm
6–8 mm
9–11 mm 42.2–53.
12–14 mm 58.4–69.
15–17 mm
18–20 mm
Faraday market 2001
3–5 mm 6.8–14.7 1 8.4–16.8 2 9.2–18.3 3
6–8 mm
9–11 mm
Figures in superscript after the dbh classes are the frequency of individuals recorded.
thickness of the bark and not the age in the market were recorded.
a Note: a 1-week travel allowance time to the market was considered when using t
assumed to be 2 weeks old and the corresponding dbh values for 2 weeks were indbh's between 5–10 cm (if bark is a week old) or 11–23 cm (if
the bark is 6 weeks old).
The differences in the predictions of dbh size-classes from bark
thickness related to bark age in the market emphasizes the im-
portance of knowing how long the bark has been in the market. In
Table 3, the dbh predictions from Fig. 7 are re-assessed where the
actual age of the bark in the market is known. Results show that
bark sold in themuti shops in 1995were mainly derived from trees
with a dbhN42.3 cm, whereas bark sold in the Faraday market in
2001 were usually from trees b24.8 cm dbh. This represents a
huge decline in the availability of W. salutaris trees in the larger
size-classes. The 18–20 mm thick bark sold in a muti shop in
1995 was predicted to be derived from a 115–129 cm dbh tree.en the number of weeks the measured bark was in the market was actually known
-classes
5 weeks 8 weeks 10 weeks N13 weeks
10.8–24.8 1
0 1 52.7–66.7 1 54.5–68.7 6
2 2 75.8–90.0 1
115.5–129.2 1
10.5–22.9 1 10.8–24.8 1 10.8–24.8 1
52.7–66.7 1
No data for the 1996 Faraday street market survey are included because only the
he table in Appendix Be. Therefore, bark that was in the market for 1 week was
serted in this table.
460 V.L. Williams et al. / South African Journal of Botany 73 (2007) 449–465However, considering the dbh of the largestW. salutaris tree found
during the research was ≈68 cm, it is debateable whether many
trees exist within current harvesting source areas that are larger
than 70 cm dbh. This bark was therefore either from an area on the
stem below 0.5 m, or had been in the shop for less than the cited
8 weeks, or environmental circumstances had prevented it from
drying out too much and resulted in a larger than expected
predicted dbh. An alternative, and more reliable, way to have
assessed the predicted dbh would have been to oven-dry the bark
samples purchased from themarket and to then read the dbh values
from W13.
6. Discussion
Harvesters tend to select plants in the larger size-classes to
maximise their returns (Botha et al., 2001), and a decrease in the
availability of thick bark in the markets is indicative of the
decline in availability of larger trees. Furthermore, the decline
also offers evidence of plants and bark not being given suf-
ficient time to re-grow after being repeatedly harvested (Botha
et al., 2001). This paper (Botha et al., 2001) does not speci-
fically quantify the risks to species, except to use an example of
the decline in the prevalence of thick W. salutaris bark in the
market over 6 years, and hence the corresponding decrease in
the diameter-class of trees that are being targeted (this is
discussed in more detail in Williams et al., in press). What is
essential to note when using the prediction tables, given the rate
of bark desiccation, is that the approximate time when the bark
was harvested should be known in order for the dbh to be more
accurately predicted. Bark sold by traders that is 9–11 mm thick
and that has been in the market for less than 2 weeks may have
come from an individual tree with dbh=26–32 cm (Fig. 7).
Alternatively, if the bark was harvested about 6 weeks prior, the
actual tree dbh could range between 48–60 cm.
Results for W. salutaris in Table 3 showed a decline in the
availability of stems predicted to have originated from larger
trees, and the prevalence of bark harvested from smaller and
younger trees. Research by Botha et al. (2004) on the com-
mercial impact of harvesting on W. salutaris in the province of
Mpumalanga, South Africa, showed a reduction in the
availability of individuals in the larger size-classes in com-
mercially harvested populations compared to protected popula-
tions, as well as a decrease in the number of size-classes.
Exploitation of W. salutaris for the medicinal plant trade is
hence a major threat to the species, and it is currently extinct
outside of conservation areas in the province of KwaZulu–Natal
(Mander, 1998; Lawes et al., 2004). Most of the thick bark sold
in the markets originates from Mozambique, where populations
of larger trees apparently still exist.
The rate of bark desiccation (Table 3) is an important factor
for determining the original thickness of the harvested bark,
especially where the dbh of trees cannot be predicted because
of a weak relationship between thickness and girth — for
example A. xanthophloea. Botha et al. (2002) speculated that
the reason that A. xanthophloea bark sold in the markets in
Mpumalanga was significantly thinner than that of popula-
tions measured in the field was because the individual treesbeing harvested were considerably smaller than the assessed
populations. However, results from this study showed that A.
xanthophloea bark loses at least 41.7% of its original
thickness after two weeks (which is at least the time it takes
for plants to reach the market), and 48.5% after 12 weeks.
This is a considerable decrease in bark thickness, and could
explain the apparent disparity between bark thickness mea-
sured in the field and bark sold in the markets. Botha et al.
(2002) calculated the mean thickness of A. xanthophloea bark
in the wild to be 12.4 mm; however, based on predictions in
this present paper, after two weeks the bark could have shrunk
to 7.6 mm and reached 6.4 mm after 12 weeks — a figure
similar to the mean bark thickness of 6.3 mm measured in the
Mpumalanga markets. It is therefore likely that the bark in the
market did not originate from smaller trees but instead
decreased significantly in thickness after harvesting due to
desiccation. However, no age-related relationship between
stem diameter and bark thickness can be predicted for A.
xanthophloea, primarily because the stem sheds bark in large
strips.
The results of this research have shown the relevance of
rhytidome formation and bark exfoliation and their relation-
ship to tree girth and age. Wilson and Witkowski (2003) noted
that there was a strong positive relationship in B. africana
between bark thickness and trunk circumference for plants
with a trunk circumference less than 40 cm (measured at 20 cm
above ground) but a poor relationship for larger trees. They
postulated that Burkea trees attain a fire resistance size at
40 cm, and it is therefore unnecessary thereafter to invest so
heavily in bark. However, as Wilson and Witkowski (2003)
further noted, 40 cm is also the size at which bark commences
to fall off the tree in response to incremental growth — sug-
gesting, therefore, that trees do not necessarily reduce in-
vestment in bark production after a certain age and size but
that rhytidome shedding and formation are integral to age-
thickness relationships in trees.
If bark growth, accumulation and weathering continue at a
more-or-less constant rate throughout the life of a tree, the
relationship between bark thickness and tree girth would be
expected to be consistent (O Grace, pers. comm.). Where
rhytidome exfoliation occurs, a weak linear or curvilinear
correlation is expected. If the rhytidome accumulates with little
or no exfoliation, and there is no age-related reduction in the
rate of bark investment, then a close relationship between bark
thickness and age would exist because the inner bark and
rhytidome would both continue to increase with age. There is no
evidence of bark shedding or age-related reduced investment
into bark production in A. adianthifolia (Fig. 5b), and hence no
levelling off in bark thickness after a certain age and size —
even in mature trees where dbhN40 cm. There is similar, albeit
not conclusive, evidence for mature W. salutaris individuals. A
tree with dbh≈68 cm was located but not measured for bark
thickness at this level because branching occurred at 1.4 m on
the tree. However, the relationships between bark thickness at
D0.5 and D1.0 (N60 cm) were still strongly linear and significant
when this individual was included in the regression analysis
(results not shown).
461V.L. Williams et al. / South African Journal of Botany 73 (2007) 449–465If rhytidome exfoliation is integral to age-size-thickness
relationships, then in trees where bark shedding occurs, a
smaller bark thickness relative to girth in mature individuals
could represent the rate of exfoliation of the rhytidome rather
than a decrease in the rate of bark production. There is irregular
dehiscence of old rhytidome plates in E. transvaalense, and
therefore a weak but significant relationship exists between
bark thickness and dbh (Fig. 5d). Because of the peeling of
large strips of bark in A. xanthophloea, there is no age-or size-
related relationship between bark thickness and stem diameter
(Fig. 5a), and hence no conclusive evidence of a decrease in the
rate of bark production with age. The stronger the relationship
between bark thickness and girth, the better are the regression
models able to predict the girth of a tree if the bark thickness is
known.
While age-related decreases in bark production probably
occur in some species, there was no conclusive evidence of this
in the species investigated (with respect to bark thickness and
girth relationships) that could not also be accounted for by
rhytidome exfoliation (age/size-related or not) or site condi-
tions. The quadratic regressions derived for P. africana trees in
Cameroon (Cunningham et al., 2002) and Rytigynia spp. in
Uganda (Kamatenesi, 1997) appear to show some levelling out
of bark thickness with increased dbh. Similarly, curves for
double bark thickness and dbh for Ocotea bullata (Burch.)
Baill., Podocarpus falcatus (Thunb.) R.Br. ex Mirb. and P.
latifolius (Thunb.) R.Br. ex Mirb. in forests in the southern Cape
exhibit size-related levelling (Van Laar and Geldenhuys, 1975)
but the curves for Olea capensis subsp. macrocarpa (C.H.
Wright) I.Verd and two groups of “other” species do not. It is
also possible that age-related decreases in bark production are
evidenced in dbh versus relative available bark mass; however,
this discussion is not elaborated upon in this paper.
Within species, bark thickness also varies with the location
of the tree (Cunningham, 2001) and the site conditions. Intra-
species variations of bark thickness versus dbh were most
evident for B. maughamii individuals growing in the provinces
of KwaZulu–Natal and Limpopo (results not shown). In
general, B. maughamii individuals growing in KwaZulu–
Natal had relatively thinner bark than did individuals growing
in the drier Limpopo Province. Similarly, R. chirindensis
individuals growing in two sites in Mpumalanga were gen-
erally thinner than individuals from three sites in the Limpopo
Province. Intra-site differences of bark thickness relative to
dbh were observed for R. chirindensis and W. salutaris grow-
ing in site L1 (results not shown). Individuals growing in
the more protected valleys usually had thinner bark than trees
growing in the open areas or on the exposed slopes. This dif-
ference could reflect intra-species variations of bark thick-
ness for individuals growing in forest or woodland habitats
respectively, and possibly a response to different fire regimes.
However, without precise habitat and rainfall data or micro-
climate records, these observations cannot be adequately
substantiated.
Bark thickness also relates to stem diameter (Cunningham,
2001), and it generally increases with tree size (Fig. 5) and
decreases with height up the stem (Fig. 3). This paper de-scribes bark thickness in relation to measurements taken at
1.3 m above ground. Hence, a caveat for the use of the
prediction tables is the following: bark harvested at 0.5 m on a
tree that may be thicker, will be predicted from the tables in
Appendix B to have come from a tree larger than the one it was
originally harvested from, especially if stem tapering has a
significant effect on bark thickness. The tables assume that
bark is harvested at 1.3 m and/or the bark thickness is con-
stant up the stem to 2 m. Figs. 3 and 4 are therefore important
for relating how different measurements at dbh are from mea-
surements taken along the rest of the stem. Despite the as-
sumptions and caveat, the prediction tables are a starting point
for judging bark thickness relationships and making prelim-
inary assessments of the extent of resource utilisation. The
single figures predicted by the tables are therefore a guide to
the diameter-class range.
In a study on the age of plant parts sold in the Faraday street
market for traditional medicine in Johannesburg (Williams,
2003), it was found that the average length of time bark products
sold by traders had been in the market was 6 weeks. If the tables
are to be used to predict dbh from bark thickness records from
medicinal plant markets, and the time since harvesting is not
known, it is recommended that values at W6 andW7 are used in
the prediction of dbh. Alternatively, samples purchased from the
markets should be oven-dried and the predicted dbh values read
fromW13. It may also be possible to establish when the bark was
harvested by comparing the dbh predicted by the oven-dried
bark thickness with the dbh predicted from the original bark
thickness.
How appropriate would it be to apply these data to the
prediction of dbh from bark thickness for other species?
Cunningham et al. (2002) similarly questioned whether the
Acacia mearnsii De Wild models of bark production developed
by Schönau (1973, 1975) could be applied to bark mass data for
P. africana. Unless one had sound, scientific and justifiable
reasons for grouping species and extrapolating the results, the
outcomes would be speculative at best. The only basis on which
we would venture to recommend that the models be used for
other species is according to macroscopic bark type (e.g.
fissured or smooth). Species with similar bark types exhibited
similar r2 values (e.g. W. salutaris and A. adianthifolia), how-
ever more research into bark thickness relationships, macro-
scopic bark anatomy and rhytidome formation would have to be
conducted before any conclusive recommendations were to be
made.
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Appendix A
Regression equations, r2 values and probability levels for regression lines in Fig. 6 (a–f): the relationship between bark thickness (Y) and dbh (x). Each regression line
represents a specified time period after the bark samples were removed from the tree trunk, starting with W0=day bark samples were harvested from the tree, and ending with
W13=final oven dried measurements. Times W1 to W12 represent 1 to 12 weeks respectively after bark samples were placed in a chamber to dry.
Time after harvesting A. xanthophloea A. adianthifolia B. maughamii
Equation r2 P Equation r2 P Equation r2 P
Week 0 (on site) Y=7.9869+0.0065x 0.005 0.91 Y=2.8153+0.2146x 0.802 0.0000 Y=4.3409+0.0331x 0.569 0.0000
Week 1 Y=7.0708+0.017x 0.0035 0.76 Y=2.9307+0.19x 0.756 0.0000 Y=4.5872+0.0279x 0.574 0.0000
Week 2 Y=4.5554+0.0121x 0.0050 0.72 Y=2.4601+0.1458x 0.714 0.0000 Y=4.4021+0.025x 0.522 0.0001
Week 3 Y=4.3541+0.0123x 0.0054 0.71 Y=2.0413+0.14x 0.774 0.0000 Y=4.5150+0.0219x 0.460 0.0004
Week 4 Y=4.3124+0.0063x 0.0014 0.85 Y=1.4662+0.1366x 0.755 0.0000 Y=4.3526+0.0227x 0.461 0.0004
Week 5 Y=3.9444+0.0148x 0.0077 0.65 Y=1.146+0.1383x 0.820 0.0000 Y=4.2511+0.023x 0.476 0.0003
Week 6 Y=3.9127+0.0144x 0.0076 0.65 Y=0.8736+0.1371x 0.831 0.0000 Y=4.2114+0.0225x 0.472
Week 7 Y=3.8846+0.0148x 0.0081 0.64 Y=0.8579+0.1339x 0.811 0.0000 As above
Week 8 As above As above As above
Week 9 As above As above As above
Week 10 As above As above As above
Week 11 As above As above As above
Week 12 Y=3.7382+0.0169x 0.011 0.59 Y=0.795+0.1329x 0.808 0.0000 Y=4.4016+0.0027x 0.480 0.0002
Week 13 (after samples oven dried) Y=3.5113+0.0196x 0.016 0.52 Y=0.713+0.1264x 0.798 0.0000 Y=3.9566+0.0218x 0.458 0.0004
Time after harvesting E. transvaalense R. chirindensis W. salutaris
Equation r2 P Equation r2 P Equation r2 P
Week 0 (on site) Y=3.6746+0.202x 0.503 0.00002 Y=1.1473+0.301x 0.677 0.0000 Y=1.5087+0.3791x 0.882 0.0000
Week 1 Y=3.1626+0.194x 0.486 0.00003 Y=0.0177+0.3176x 0.736 0.0000 Y=1.5344+0.2966x 0.827 0.0000
Week 2 Y=3.0145+0.168x 0.433 0.0001 Y=0.468+0.2127x 0.662 0.0000 Y=1.2870+0.2534x 0.837 0.0000
Week 3 Y=3.053+0.1531x 0.386 0.0003 Y=0.4373+01885x 0.671 0.0000 Y=1.0101+0.2374x 0.849 0.0000
Week 4 Y=3.0726+0.1435x 0.357 0.0006 Y=0.3838+0.183x 0.660 0.0000 Y=1.0011+0.2183x 0.847 0.0000
Week 5 Y=2.9534+0.1406x 0.345 0.0008 Y=0.2594+0.1881x 0.687 0.0000 Y=1.185+0.1852x 0.774 0.0000
Week 6 As above Y=0.2871+0.1831x 0.663 0.0000 Y=1.29+0.1623x 0.801 0.0000
Week 7 Y=2.9444+0.1406x 0.346 0.0008 Y=0.2545+ 0.1842x 0.678 0.0000 Y=1.4542+0.1432x 0.742 0.0000
Week 8 As above Y=0.2489+0.1844x 0.679 0.0000 Y=1.4506+0.1434x 0.745 0.0000
Week 9 As above As above As above
Week 10 As above As above As above
Week 11 As above As above As above
Week 12 Y=2.8614+0.1406x 0.349 0.0007 Y=0.2064+0.1836x 0.681 0.0000 Y=1.3675+0.1467x 0.743 0.0000
Week 13 (after samples oven dried) Y=2.7176+0.1354x 0.373 0.0004 Y=0.2797+0.1675x 0.662 0.0000 Y=1.3340+0.1407x 0.714 0.0000
462
V.L
.
W
illiam
s
et
al.
/
South
A
frican
Journal
of
B
otany
73
(2007)
449–465
463V.L. Williams et al. / South African Journal of Botany 73 (2007) 449–465Appendix B
Bark thickness and dbh prediction tables based on changes in thickness as the bark dries out (W1–12) and final oven-dried
thickness (W13). The tables were constructed from the equations in Appendix A. The shaded column of week 6 represents the mean
age of bark found to be sold in a street market in Johannesburg (Williams, 2003), and can be used as a reasonable estimate of the age
of the bark if the actual age is not known. Bark older than 12 weeks is presumed to be represented by the final, W13 oven-dried
predictions. No prediction table was constructed for A. xanthophloea because there was no significant linear relationship between
bark thickness and dbh (Fig. 6a).
To find the dbh of a tree from a piece of bark of known thickness and time after harvesting:
a. Go to the bark thickness column on the LHS and select the known bark thickness; also select a column representing the known age
after harvesting. The columns intersect at the predicted dbh (in cm) of the tree from which the bark was originally harvested.
b. For example, a piece of A. adianthifolia bark 5 mm thick harvested approximately 6 weeks ago is from a tree of dbh=±27.9 cm.
Alternatively, bark 11 mm thick measured the same day as harvesting is from a tree of dbh=±38.1 cm.
2a. Albizia adianthifolia2b. Balanites maughamii
464 V.L. Williams et al. / South African Journal of Botany 73 (2007) 449–4652c. Elaeodendron transvaalense
2d. Rhus chirindensis
2e. Warburgia salutaris
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